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1

PROCESS FOR THE MIXED PRODUCTION OF
HIGH AND LOW PURITY OXYGEN

This 1s a continuation of application Ser. No.
07/775,453, filed Oct. 15, 1991.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a process for the
mixed production of high or low purity oxygen using a
double reboiler and double column arrangement.

2. Description of the Background

The double reboiler and double column process was
developed to produce relatively low purity oxygen at
purities below 97% oxygen content. This process is
described 1n U.S. Pat. No. 3,113,854 and in the Electric
Power Research Institute (ERPI) Study 3499. Addi-
tionally, U.S. Pat. No. 4,895,583 discloses a modifica-
tion of an earlier process in order to improve the overall
recovery of oxygen.

Another example of a conventional double column
and double reboiler process for producing relatively
low purity oxygen 1s that disclosed in U.S. Pat. No.
4,705,548. However, this process is disadvantageous as
it requires the use of a compressor for nitrogen recy-
cling.

Attempts to produce high oxygen purities, such as

above 97% oxygen content, using the double reboiler 30

and double column methodology have not been consid-
ered interesting due to the sharp reduction in process
etficiency and loss of recovery which is entailed. These
drawbacks occur because it is necessary to perform the

very difficult argon/oxygen separation by cryogenic 35

distillation for oxygen contents of higher than 97%.

At present, in order to obtain an oxygen content of
greater than 97%, the single reboiler, double column
process is usually used. Unfortunately, this process has
a much higher specific power consumption than the
double reboiler and double column process.

It would be extremely advantageous if a process were
known for producing oxygen at both low and high
purity. Frequently, an on-site oxygen facility may pro-
duce a gaseous oxygen product at 95% purity for a
pipeline customer, yet local demand may require a lig-
uid oxygen product having 99.6% oxygen content
which is a normal standard grade for liquid oxygen.

Furthermore, in situations where significant liquid
production is required a traditional single reboiler pro-
cess 1s used whereby air, expanded through an expan-
der, 1s injected into the high pressure column. This
affords a good recovery of oxygen since the majority of
the air is still being treated in the high pressure column
and does not by-pass the first step of distillation.

However, this feature has a major drawback because

of the relatively high discharge pressure of the expan-

der which is the high pressure column pressure. The

feed air pressure must, therefore, be maintained at a ¢

high pressure to achieve the required refrigeration. In
such situations, high power consumption would be
needed to produce the required liquid.

Thus, a need exists for a process for producing oxy-
gen at both low and high purity, more precisely, low
purity gaseous oxygen and high purity liquid oxygen,
and which 1s not characterized by a prohibitively high
specific power consumption.
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SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention
to provide a process for producing oxygen at both low
and high purity. |

It 1s aiso an object of the present invention to provide
a process for producing oxygen at both low and high
purity, which is not characterized by having a prohibi-
tively high specific power consumption. |

Moreover, it is a specific object of the present inven-
tion to produce simultaneously both high and low pu-
rity oxygen using a double reboiler, double column
process and optionally with feed stream expansion into
the high pressure fractionating means.

The above objects and others which will become
apparent in view of the following disclosure, are pro-
vided by a process of simultaneously producing both
high and low purity oxygen, which entails:

a) passing a compressed and cooled feed stream con-
taining at least oxygen and nitrogen to a main ex-
changer, wherein the compressed and cooled feed
stream 1s divided into two fractions (A) and (B),

b) expanding the first fraction (A) in an expander and
dividing the same into two further fractions (i) and (ii),

¢) further cooling the second fraction (B) in the main
exchanger and expanding at least a fraction of this
stream by an expansion valve into a high pressure col-
umn as liguid feed stream,

d) introducing the first fraction (i) into a reboiler
located at the bottom of the low pressure distillation
column, whereby the first fraction of the feed stream
condenses in the reboiler providing a first reboil for
distillation,

e) feeding at least a fraction of the resulting liquefied
feed stream to both high and low pressure columns as
feed,

f) introducing the second fraction (ii) to the bottom of
the high pressure column as gaseous feed, whereby a
bottom oxygen-rich liquid stream and an overhead ni-
trogen-rich gaseous stream are formed,

g) passing the oxygen-rich liquid stream to the low
pressure column as feed,

h) condensing the nitrogen-rich gaseous stream
against a boiling liquid in the upper reboiler of the low
pressure column, located at an intermediate stage,
thereby serving as a second reboil for distillation,

1) returning a portion of the condensed nitrogen-rich
stream to the high pressure column as reflux, and pass-
ing at least a fraction of the remaining portion of the
nitrogen-rich stream to the top of the low pressure
column as reflux, whereby the low pressure column
separates 1ts feed into bottom stream oxygen products
and top stream rich in nitrogen,

j ) recovering the bottom stream oxygen product as
high purity liquid oxygen,

k) drawing from a tray or a stage between the two
reboilers of the low pressure column, the stream oxygen
product, as low purity oxygen, and

1) warming in the main exchange the low purity oxy-
gen stream, and the nitrogen-rich stream.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1illustrates the relationship between overall
oxygen recovery and percentage of high purity liquid
produced for 95% low purity gaseous oxygen and
99.9% high purity liquid oxygen.

FIG. 2 ilustrates an apparatus for practicing the
present invention.
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FIG. 3 illustrates an alternative apparatus for practic-

ing the present invention using a pumping process

where pumped liquid oxygen is vaporized directly in
the main exchanger.

FIG. 4 illustrates an apparatus for practicing the
present invention using a pumping process where
pumped liquid oxygen is vaporized in a separate ex-
changer against a condensing feed stream.

FIG. 5 illustrates an apparatus for practicing certain

embodiments of the present invention and recovering
argon vsing the argon sidearm column at a tray or stage
between two oxygen product outlets.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In accordance with the present invention, both high
and low purity oxygen are simultaneously produced
using a double reboiler, double column process with
feed stream expansion having reduced power consump-
tion.

In more detail, it has been discovered that by adding
an mtermediate outlet between the two reboilers of the
upper distillation column, a low purity oxygen stream
can be extracted at this outlet simultaneously with an-
other high purity liquid oxygen stream produced at the
bottom of the distillation column. By using the present
invention, significant amounts of high purity liquid
oxygen can be produced simultaneously with the low
purity oxygen product with excellent recovery/effi-
clency.

The double reboiler, double column process is char-
acterized by condensing a feed stream against oxygen
product. This results in a relatively low operating pres-
sure of about 4 bar for the high pressure column. A
conventional single reboiler process would require a
pressure of about 6 bar. Therefore, significant power
savings are achievable with the double reboiler, double
column process if an oxygen purity of less than 97% is
acceptable.
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However, poor oxygen recovery would result if 40

higher purity oxygen is required using the double re-
boiler, double column process.

That is, the double reboiler, double column process is
characterized by a low operating pressure, low purity
oxygen and low power consumption. In contrast, the
traditional simple reboiler process is characterized by a
high operating pressure, high purity oxygen and high
power consumption.

In order to produce a significant amount of liquid
oxygen, the feed stream expansion process is frequently
used where the feed stream is expanded through an
expander into the high pressure column. For the pro-
duction of a given amount of liquid, feed stream pres-
sure upstream of the expander would be much lower for
the double reboiler process since its discharge pressure
1s the lower of the two processes. Therefore, much
lower power consumption can be achieved for the lig-
uid production.

In accordance with the present invention, it has been
surprisingly discovered that the double reboiler process
can produce a high proportion of high purity oxygen
product while maintaining high overall oxygen recov-
ery. For example, up to 30% of 99.9% purity liquid
oxygen can be produced in conjunction with 95% pu-
rity gaseous oxygen and with a recovery of between
99.5% and 97.5%, which is, indeed, unexpected. This
result 1s unexpected because 30% is a high proportion
for a cryogenic air separation process.
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Of course, the process of feed stream expansion into a
high pressure fractionating means is suitable for rela-
tively significant liquid production at 40% or below of
the total production. For higher percentages, one must
rely upon an independent refrigeration cycle. For small
quantities of liquid production, any expansion means is
suitable, such as nitrogen-rich gas expansion or air ex-
pansion into a low pressure fractionating means.

As used herein, the term “feed stream” refers to any
gaseous mixture containing at least nitrogen and oxy-
gen. For example, the feed stream may be atmospheric
alr or may be an off-gas mixture.

As used herein, the term “recovery” is defined as
total contained oxygen in products divided by total
oxygen contained in the feed stream. The term “percent
high purity oxygen” is defined as production of high
purity oxygen divided by total oxygen production.

Furthermore, as used herein, the term “high purity
oxygen’” means any gas containing at least 97 mol % of
oxygen, whereas the term “low purity oxygen” means
any gas containing less than 97 mol % of oxygen.

The present invention provides an intermediate outlet
between the two reboilers of the upper distillation col-
umn to extract a low purity oxygen stream. Addition-
ally, a high purity liquid oxygen stream is recovered at
the bottom. |

In particular, the present method involves various
steps which will now be described in general by refer-
ence to FIG. 2.

First, a feed stream, such as purified atmospheric air,
1s compressed and cooled. Thereafier, the feed stream is
fed through conduit (101) to a main exchanger (11),
where the feed stream is further cooled and then di-
vided into two fractions (A) and (B) . First fraction (A)
1s then expanded in expander (12), and thereafter further
divided into two fractions (i) and (ii) at the junction of
conduits (106) and (107).

Feed stream (B) is further cooled in the main ex-
changer and at least a fraction of this stream is expanded
by expansion valve (130q) into a high pressure column
(20) as liquid feed stream.

First fraction (i) is introduced into a reboiler (24) at
the bottom of the low pressure distillation column (21)
to provide a first reboil for distillation. Thereafter, at
least a fraction of the resulting liquefied feed stream is
fed to either or both high and low pressure columns as
feeding conduits (111) and/or (112).

Then, the second fraction (ii) 1s fed to the bottom of
the high pressure column (20) as gaseous feed, to form
a bottom oxygen-rich liquid stream (108) and an over-
head nitrogen rich gaseous stream (114). Thereafter, the
oxygen-rich liquid stream is passed to the low pressure
column (21) as feed.

The nitrogen-rich gaseous stream is condensed
against a boiling liquid in the upper reboiler (23) of the
low pressure column (21), thereby serving as a second
reboil for distillation. Then, a portion of the condensed
nitrogen-rich stream is returned in conduit (131) to the
high pressure column (20) as reflux via conduit (115)
and the remaining portion of the nitrogen-rich stream to
the top of the low pressure column as reflux via conduit
(116), whereby the low pressure column (21) separates
its feeds into bottom stream oxygen products and top
stream (120) rich in nitrogen.

‘Thereafter, bottom stream oxygen product (118) is
recovered as high-purity oxygen. A stream (111) is then
drawn at a stage between the two reboilers (23) and (24)
of the low pressure column (21) as low purity gaseous
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oxygen product. Finally, the nitrogen-rich stream is
warmed 1n at least exchanger (11) , and optionally ex-
changer (22), via conduits (120) and (121), with the low
purity oxygen stream (119) from the low pressure col-
umn.

~ Additionally, in FIG. 2, a booster compressor (10),
driven by the expander (12), may be optionally used to
- further compress the feed stream entering via conduit
(100). The feed stream then is fed via conduit (101) to
the main exchanger (11) and therethrough via conduit
(102), whereinafter a portion of the feed stream is
passed via conduit (103) to expander (12) and then to
conduit {(103), and thereinafter further divided into two
fractions via conduits (106) and (107) as described
above.

Further, in FIG. 2, oxygen-rich liquid stream (108) is
optionally subcooled in exchanger (22) and then trans-
ferred to the low pressure column (21) via conduit
(109). Moreover, the liquefied feed stream (112) may be
subcooled 1n exchanger (22), and then transferred to the
low pressure column via conduit (113). However, the
liquefied feed stream may be fed directly to the low
pressure column.

In more detail, a feed stream, containing at least nitro-
gen and oxygen, which has been compressed and
cooled 1s passed to a main exchanger. The feed stream is
compressed in compressing means and cooled. For
example, the compressing means may comprise a
booster (10) driven by a turbine (12). Generally, the
feed stream after compression is at a pressure in the
range of about 6 to 50 bar. The preferred pressure de-
pends upon the percentage of liquid produced. If a
higher percentage of liquid is needed then higher pres-
sure 1s required. However, in general, the preferred
pressure is 1n the range of about 10 to 35 bar. Then, the
compressed, cooled and purified feed stream is further
cooled in a main exchanger, where it is divided into two
fractions (A) and (B). Generally, the feed stream is at a
temperature in the range of about —120° C. to —150° C.
It is preferred, however, that the feed stream be at a
temperature of about —125° C. to — 145° C. Thereafter,
the first fraction (A) is expanded in step b) in an expan-
der and subsequently divided into two further fractions
(1) and (ii). Generally, the preferred discharge pressure
range of the expander is 3 to 5 bar. Then, the second
fraction (B) is further cooled in step c) in the main ex-
changer and at least a fraction of this stream is expanded
by an expansion valve into the high pressure column as
liquid feed stream.

In step c), fraction (B) is generally subcooled beyond
the bubble point. 1t is preferred, however, that it be
subcooled to a temperature in the range of about — 150°
C. to —180° C.

Then, in step d) , the first fraction (i) is introduced
Into a reboiler located at the bottom of the low pressure
distillation column, whereby the feed stream condenses
in the reboiler providing a first reboil for distillation. At
least a fraction of the resulting liquefied feed stream is
then fed to either or both high and low pressure col-
umns as feed. The temperature of the resulting liquefied
feed stream to the high pressure column is generally
near the bubble point, preferably at the bubble point.
The temperature of the liquefied feed stream to the low
pressure column 1s generally subcooled below the bub-
ble point. The second fraction (ii) is introduced to the
bottom of the high pressure column as gaseous feed,
whereby a bottom oxygen-rich liquid stream and an
overhead nitrogen-rich gaseous stream are formed. The
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temperature i1s near the dew point. The oxygen-rich
liquid stream is then passed to the low pressure column
as feed.

Generally, in passing the oxygen-rich liquid stream to
the low pressure column as feed, the stream is prefera-
bly subcooled before expanding into the low pressure
column.

The nitrogen-rich gaseous stream is then condensed
against a boiling liquid in the upper reboiler of the low
pressure column, thereby serving as a second reboil for
distillation. A portion of the condensed nitrogen-rich
stream 1s returned to the high pressure column as reflux,
and the remaining portion of the nitrogen-rich stream is
passed to the top of the low pressure column as reflux,
whereby the low pressure column separates its feeds
into bottom oxygen products and top stream rich in
nitrogen.

Then, the bottom oxygen product (118) is recovered
as high purity liquid oxygen. Generally, for the bottom
stream oxygen products purities in the range of 97% to
99.99% are obtained. Thereafter, a stream (119) is
drawn at a tray located between the two reboilers of the
low pressure column as low purity oxygen. In this step,
the vapor product can be extracted as part of the vapor
leaving the tray or stage in the case that structured
packings are used or, an equivalent means which is
conventionally so used. If the product is liquid, the
liquid product is extracted as part of the liquid leaving
the tray or stage. Finally, in the main exchanger, the
low purity oxygen stream and the nitrogen-rich stream
are warmed to ambient conditions.

However, m addition to the exemplary process
scheme described above, various modifications may
also be made. For example, argon may be recovered by
means of an argon sidearm column at a tray between the
two oxygen product outlets or a stage in the case of
structured packings.

As used herein, the term “tray” refers to any means
or device for effecting intimate contact and mass trans-
fer between a descending liquid phase and an ascending
vapor phase. These various trays are well known to
those skilled 1n the art.

The term “tray” as used herein also includes means
known as structured packings or equivalent means
which are devices equivalent to trays to effect such
Intimate contact for oryogenic air separation. Examples
of structured packings are disclosed, e.g. in U.S. Pat.
Nos. 2,047,444; 4,186,156 and 4,296,050, each patent
being mcorporated herein by reference in the entirety,
and Ellis et al, Trans. Instn. Chem. Engrs.,, 41, 1963,
known as Goodloe packings. These structured packings
are known as means to promote liquid and/or vapor
mixing in a direction perpendicular to the primary flow
direction, i.e., the vertical direction. Furthermore, a
combination of trays and packings can be used as mass
transfer means.

Reference will now be made to each of FIGS. 14 in
detail.

FIG. 1 illustrates the relationship between overall
oxygen recovery and percentage of high purity liquid
produced for 95% low purity gaseous oxygen and
99.9% high purity liquid oxygen.

As may be seen from FIG. 1, recovery remains rather
constant up to about 30% high-purity liquid oxygen
production, and drops sharply beyond this point. Gen-
erally, in accordance with the present invention, recov-
eries of high purity liquid oxygen of equal to or less than
35% are obtained.
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FIG. 2 illustrates an embodiment of the present in-
vention as described above.

FIG. 3 illustrates another embodiment of the present
invention using a pumping process where pumped lig-
utd oxygen is vaporized directly in the main exchanger.

In FIG. 3, the low purity oxygen stream (119) is
produced 1n the liquid form directly off the low pres-
sure column (21). This liquid is then pumped to a higher

pressure using a pumping means (140) and then vapor-
ized and warmed in the main exchanger (11). At the

same time, a high pressure feed stream (104) is con-
densed 1n the main exchanger (11) to provide necessary
heat for the vaporization of the oxygen stream.

The remaining elements depicted in FIG. 3 corre-
spond to those already depicted and described for FIG.
2.

In FIG. 4, the low purity oxygen stream (119) is
produced 1in the hiquid form directly off the low pres-
sure column (21). This liquid is then pumped to a higher
pressure using pumping means (140) and then vaporized
In a separate exchanger (150) against a condensing feed
stream.

The remaining elements depicted in FIG. 4 corre-
spond to those already depicted and described for FIG.
2.

In accordance with another aspect of the present

10

15

20

25

invention, a process is provided for simultaneously pro-

ducing both high and low purity oxygen, which entails:

a) condensing a first compressed, cooled and purified
feed stream fraction in a reboiler located at the bottom
of a low pressure column:

b) feeding at least a fraction of the resulting liquefied
feed stream to either or both high and low pressure
columns as feed;

¢) introducing a second fraction of feed stream to the
bottom of the high pressure column as gaseous feed,
whereby a bottom oxygen-rich liquid stream and an
overhead nitrogen-rich gaseous stream are formed:

d) passing the oxygen-rich liquid stream to the low
pressure column as feed;

e) condensing the nitrogen-rich gaseous stream
against a boiling liquid in the upper reboiler of the low
pressure column, thereby serving as a second reboil for
distillation;

f) returning a portion of the condensed nitrogen-rich
stream to the high pressure column as reflux, and pass-
ing at least a fraction of the remaining portion of the
nitrogen-rich stream to the top of the low pressure
column as reflux, whereby the low pressure column
separates its feeds into bottom stream oxygen products
and top stream rich in nitrogen;

g) recovering the bottom stream oxygen product as
high purity liquid oxygen; and

h) drawing from a tray or a stage between the two
reboilers of the low pressure column, the stream oxygen
product as low purity oxygen.

In the above process, the temperatures and pressures
recited for the previous process are also applicable
therein.

As used herein, the term “feed stream” refers to any
mixture of gas containing nitrogen and oxygen, such as
air or any off-stream gas mixture containing oxygen,
nitrogen and other gases. In the present invention, how-
ever, 1t has been found advantageous to use atmospheric
air, which has been cleaned and dried, as a feed stream.
Further, the present process is of particular advantage
when used with any feed stream mixture containing
nitrogen, oxygen and argon.

30

35

45

50

33

60

65

8

The present invention also provides various apparati
for practicing the processes of the present invention.

Generally, the present invention provides an appara-
tus for simultaneously producing both high and low
purity oxygen, which entails a double rectification col-
umn having a lower pressure fractionating means with
two reboilers therein, and a higher pressure fractionat-
ing means, wherein an intermediate outlet is provided

between the two reboilers of the lower pressure frac-
tionating means for simultaneously extracting a low-

purity oxygen stream and a high-purity liquid oxygen
stream.

In more detail, the apparatus entails a double rectifi-
cation column having high and low pressure fractionat-
ing means with two reboilers in the low pressure frac-
tionating means, and having a first feed stream input
means in fluid connection with a first reboiler located at
the bottom of the low pressure fractionating means, a
second feed stream input means in fluid connection with
the bottom of the high pressure fractionating means,
and a third feed stream input means in fluid connection
with the high pressure column; expanding means in
contact with the second and third feed stream input
means and being upstream of the double rectification
column; conduit means for feeding liquefied feed stream
to both high and low pressure fractionating means from
the lower reboiler of the low pressure fractionating
means; conduit means for feeding part of a nitrogen-rich
stream from the upper reboiler of the low pressure
fractionating means to the high pressure fractionating
means, and conduit means for feeding a remaining part
of the nitrogen-rich stream to the top of the low pres-
sure fractionating means; conduit means for feeding an
oxygen-rich liquid stream to the low pressure fraction-
ating means; and output means for recovering high-
purity oxygen. Such an apparatus is depicted in FIG. 2,
and has already been described in detail above.

Alternatively, an apparatus is provided wherein the
low purity oxygen stream is produced in liquid form
directly off the low pressure column. This liquid is then
pumped to a higher pressure using pumping means and
then vaporized and warmed in the main exchanger. At
the same time, a high pressure feed stream is condensed
in the main exchanger to provide necessary heat for the
vaporization of the oxygen stream. Such an apparatus is
depicted 1in FIG. 3.

Additionally, an apparatus is provided wherein the
low purity oxygen stream is produced in the liquid form
directly off the low pressure column. This liquid is then
pumped to a higher pressure using pumping means and
then vaporized in a separate exchanger against a con-
densing feed stream. Such as apparatus is depicted in
FIG. 4.

Having described the present invention, it will be
apparent to one of ordinary skill in the art that many
changes and modifications can be made to the above-
described embodiments without departing from the
spirit and the scope of the present invention.

What 1s claimed as new and desired to be secured by
Jetters patent of the United States is:

1. An apparatus for simultaneously producing both
high and low purity oxygen, which comprises a double
rectification column having therein a lower pressure
fractionating means with two reboilers therein, and a
higher pressure fractionating means, wherein an inter-
mediate outlet is provided between the two reboilers of
the lower pressure fractionating means at least one theo-
retical stage above the lower of the two reboilers for
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extracting a low purity oxygen stream therefrom and an
outlet for withdrawing a high purity liquid oxygen
stream from a bottom portion of said column: and
which apparatus further comprises conduit means to
flow at least a portion of the low-purity oxygen stream 5
to heat exchanging means to produce a low purity oxy-
gen product stream.

2. The apparatus of claim 1, which further comprises
a first feed stream input means in fluid connection with
a first reboiler located at the bottom of the low pressure 10
fractionating means, a second feed stream input means
in fluid connection with the bottom of the high pressure
fractionating means and a third feed stream input means

in fluid connection with the high pressure fractionating
means. 15

3. The apparatus of claim 1, which further comprises
expanding means in contact or connection with all of
said feed stream input means upstream of said double
rectification column.

4. The apparatus of claim 2, which further comprises 20
conduit means for feeding at least a fraction of liquefied
feed stream from the bottom of the low pressure frac-
tlonating means to either or both of high or low pres-
sure columns as feed.

S. The apparatus of claim 2, which further comprises 25
conduit means for feeding a portion of a condensed
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nitrogen-rich stream from the upper reboiler of the low
pressure fractionating means to the high pressure frac-
tionating means as reflux.

6. The apparatus of claim 5, which further comprises
conduit means for feeding the remaining portion of the
nitrogen-rich stream to top of the low pressure column
as reflux.

7. The apparatus of claim 2, which further comprises
output means for recovering high-purity oxygen prod-
uct.

8. The apparatus of claim 2, which further comprises
an ultimate feed stream input means feeding said first,
second and third feed stream input means and being
upstream thereof, said ultimate feed stream input means
in fluid connection with a booster compressor driven by
an expander.

9. The apparatus of claim 1, which further comprises
pumping means within said conduit means between said
intermediate outlet and said heat exchanging means.

10. The apparatus of claim 9, wherein said heat ex-
changing means comprises a main exchanger and a
separate heat exchanger for warming at least a portion
of said low purity oxygen stream against condensing
feed air, prior to further warming said low purity oxy-

gen stream 1n said main exchanger.
¥ * % % %
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